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CHIP ENABLED VOLTAGE REGULATOR 

BACKGROUND OF THE INVENTION 

Technical Field of the Invention 

The present invention relates to voltage regulation and, in particular, but not by way of 
limitation, to a method and system for selectively limiting the current supplied by a system 
5 power source to any of at least two distinct non-zero current levels based upon the value of an 
enable signal. 

Description of the Related Art 

It is well known that voltage regulators supply a current to a circuit at a substantially 
constant (regulated) voltage. -Also, it is well known to use an enable signal for enabling a circuit 
10 to perform a predetermined function. Correspondingly, the circuit is disabled from performing a 
predetermined function when the enable signal changes to a disable state. Circuits typically 
require more current when they are enabled (and performing operations) than when they are 
disabled (and inhibited from doing so). For example, memory circuits require more current 
when they are enabled and executing memory access operations, than when they are disabled. 
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Moreover, the aforementioned circuits utilizing enable signals may receive the signal from an 
external source. 

Many known circuits or systems have a battery backup capability for use in the event of a 
power failure. Use of a backup battery during a power failure serves to avoid the unintentional 

5 loss of data and/or circuit functions. Specifically, the source of power to the circuit and/or 
system may be switched from an external supply to a backup battery upon the voltage level of 
the external supply falling below a predetermined threshold voltage. In a battery backup mode, 
power consumption of the circuit and/or system powered by the battery is desired to be 
maintained at minimum power levels in order to conserve battery power and extend battery life. 

10 Based upon the foregoing, there is a need for a more efficient power supply system which 

provides and dissipates a minimum current to the circuit when the circuit is disabled, but is 
capable of providing sufficient current to the circuit when the circuit is enabled. 

SUMMARY OF THE INVENTION 

15 The present invention satisfies this need by providing a voltage regulator circuit which, 

when a circuit receives an enable signal and is enabled thereby, can source ample current during 
normal operation, but is placed in a low current mode when the circuit is disabled by the enable 
signal. During the period when the circuit is disabled by the enable signal, the current demands 
on the voltage regulator are much less than when the circuit is enabled. Further, the voltage 

20 regulator circuit itself consumes less power when the circuit is disabled and thereby minimizes 
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the current drain on the backup battery while at the same time provides a sufficient current level 
to the disabled circuit or system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 A more complete understanding of the system and method of the present invention may 

be obtained by reference to the following Detailed Description when taken in conjunction with 
the accompanying Drawings wherein: 

FIGURE 1 is a schematic of the chip-enabled voltage regulator according to an 
exemplary embodiment of the present invention in association with a circuit; 
10 FIGURE 2 is a schematic of the delay component shown in FIGURE 1; 

FIGURE 3 is a more detailed schematic of the chip-enabled voltage regulator illustrated 
in FIGURE 1; and 

FIGURE 4 is a flow chart illustrating a method for limiting the available current output 

i. 

from a voltage regulator according to an exemplary embodiment of the present invention. 

15 

DETAILED DESCRIPTION 

The present invention will now be described more fully hereinafter with reference to the 
accompanying drawings in which exemplary embodiments of the invention are shown. This 
invention may, however, be embodied in many different forms and should not be construed as 
20 being limited to the embodiments set forth herein. Rather, the embodiments are provided so that 
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this disclosure will be thorough and complete, and will fully convey the scope of the invention to 

those skilled in the art. 

Referring to the drawings and more particularly FIGURE 1, there is illustrated a voltage 
regulator circuit 10 which supplies current to a circuit 14. Voltage regulator circuit 10 is coupled 
5 between a system power source (not shown) and the circuit 14. According to an exemplary 
embodiment of the present invention, the voltage regulator circuit 10 utilizes an enable signal 2 
to selectively provide either of two non-zero, distinct current levels to the circuit 14. 

Voltage regulator circuit 10 may utilize enable signal 2, which in this exemplary 
embodiment is a chip enable signal for circuit 14, to set the current level provided thereto. 
10 Circuit 14 may comprise any circuit that utilizes an enable signal for selectively enabling the 
execution of predetermined operations. In an exemplary embodiment, circuit 14 may be a 
memory device. 

At least one of a plurality of current sources 33 and 34 of voltage regulator circuit 10 is 
selectively enabled according to a value of the enable signal 2. When the enable signal 2 is at a 

15 disable state (for example, a logic low value), at least one of the plurality of current sources 33 
and 34 is deactivated, thereby reducing the amount of current dissipated by regulator circuit 10. 
The available output current provided to circuit 14, which is proportional or related to the current 
consumed by the regulator circuit 10, is also reduced during the time enable signal 2 is in the 
disable state. However, when the enable signal 2 is in an enable state (logic high), circuit 14 is 

20 enabled and all of the plurality of current sources 33 and 34 are activated, thereby increasing the 
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current dissipated by regulator circuit 10 and thus increasing the available output current (lout) 
of the voltage regulator 10 as a result. 

A delay component 18, shown in FIGURE 1, delays the provision of the low, non-zero 
current level to allow circuit 14 a predetermined period of time to suspend operations following 
enable signal 2 transitioning to the disable (logic low) state. The delay component 18 is shown 
in more detail in FIGURE 2. The delay component 18 is coupled between the enable signal 2 
and the voltage regulator 10 and may comprise a delay circuit 22 and a logical OR gate 24. The 
enable signal 2 is split into two signal paths, one of which is delayed by an amount relative to the 
delay of the other signal path. When the enable signal 2 transitions to the disable (logic low) 
state from the enable (logic high) state, the output of the OR logic gate 24 remains at the high 
logic value for a predetermined time delay of the delayed signal path. On the other hand, when 
the enable signal 2 transitions from the disable (logic low) state to the enable (logic high) state, 
the output of the OR gate 24 transitions to the logic high at approximately the same time. As a 
result, regulator circuit 12 is placed in the low current mode of operation for a predetermined 
period after circuit 14 is disabled from executing an operation, so that any predetermined 
operations occurring in circuit 14 that were initiated when circuit 14 was enabled may be 
completed before voltage regulator 1 0 reduces current to circuit 14. 

The exemplary embodiment of the chip-enabled voltage regulator 10 according to the 
principles of the present invention is shown in greater detail in FIGURE 3. Voltage regulator 10 
may comprise a voltage follower 32 and regulator circuitry 30 which may comprise current 
sources 33 and 34. The regulator circuitry 30 may include transistors forming the circuitry of a 
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differential amplifier. Current sources 33 and 34 are coupled to the differential amplifier 
circuitry and are adapted to provide output current (lout) to circuit 14 proportional or related to 
the current of the differential amplifier. The voltage follower 32 may comprise an output 36 
which controls a resistive divider 35 used to set a voltage level for the regulator circuitry 10. .An 
5 output 37 of the resistive divider 35 is fed back into the voltage follower 32 to regulate the 
voltage INM to a predetermined voltage value. 

The current source 34 may comprise a first transistor 36 and a second transistor 38 
coupled in series with the first transistor 36. The second current source 33 may comprise a third 
transistor 44. A control terminal 40 of the first transistor 36 is coupled to the control terminal the 

10 third transistor 44. Each of the current sources 33 and 34 forms a reference leg of a current 
mirror with transistor 46. Current source 33 is substantially continuously activated to sink 
current at a predetermined current level. A control terminal 43 of the second transistor 38 is 
connected to the output of the delay circuit 18 as shown in FIGURE 1. When the output of the 
delay circuit 18 transitions from the enable (logic high) state to the disable (logic low) state, the 

15 current source 34 is disabled from sinking current and current source 33 makes available a first 
predetermined current level to the circuit 14. Conversely, when the output of the delay circuit 18 
transitions from the disable (logic low) state to the enable (logic high) state, the current source 34 
is enabled and, together with current source 33 makes available a second predetermined current 
level sufficient to allow circuit 14 to perform various functions during a normal mode of 

20 operation. 
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Although current sources 33 and 34 are illustrated as N-type MOS transistors, virtually 
any type of transistors may be used, such as bipolar transistors and P-type MOS transistors. 
' Furthermore, more than one current source 34 may be coupled to the regulator circuitry 30 to 
' further increase the available current when an enable signal having an enable state is provided to 
5 circuit 14 and regulator circuit 10. It is understood that regulator circuit 10 may alternatively 
include only a single current source, with enable signal 2 controlling (via delay component 18) 

the amount of current sunk thereby. 

Referring now to FIGURE 4, there is shown a method for limiting the available output 
current supplied to a circuit 14 according to the principles of the present invention. Step 1 is to 
,0 determine whether or not an enable signal 2 is in the enable state. If it is, circuit 14 is enabled 
and current source 34 is activated at substantially the same time (step 2). Current source 34 
being activated causes regulator circuit 10 to make available an increased current level (lout) 
sufficient to power the enabled circuit 14. In the event enable signal 2 transitions from the 
enable state to the disable state, current source 34 is deactivated a predetermined period 
15 following circuit 14 being disabled (step 3), thus reducing the power drain on a battery to a 
nominal level while sustaining data contained within the circuit 14. 

The invention being thus described, it will be obvious that the same may be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and scope of the 
invention, and all such modifications as would be obvious to one skilled in the art are intended to 
20 be included within the scope of the following claims. 
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